ABSTRACT: Abundance of metazoan meiofauna and foraminifera, and biomass and community structure of nematodes, were investigated in the benthic zone along the Nazaré Canyon and adjacent continental slope in relation to concentration of organic matter and its suitability as a food source for the meiobenthos. The Nazaré canyon sediments were richer in organic carbon (Corg), total nitrogen, and phytopigments than the adjacent open slope. In addition, phytodetritus was fresher in the canyon sediment than on the slope (higher chlorophyll a: phaeopigments). Nevertheless, the abundance of polychaetes, copepods, bivalves, nematodes, total metazoans, and nematode biomass were not always higher in the canyon than on the adjacent open slope. Lower densities occurred in the upper and middle canyon, and living benthic foraminifers were significantly more abundant on the adjacent slope. The stations in the upper and middle canyon contained infinitesimal numbers of foraminifers. Reduced diversity and evenness and high K-dominance of the nematode assemblages in the upper part of the canyon indicated environmental stress, perhaps related to high Corg content and sediment disturbance. Non-selective deposit-feeders dominated the nematode assemblages of the upper and middle parts of the canyon, whereas a more diverse trophic structure was found in the deeper parts and the open slope. Conditions in the upper and middle areas of the Nazaré canyon are harsh, and only opportunistic organisms can survive there.
INTRODUCTION
Deep gullies and submarine canyons run perpendicular to the shoreline and can dissect the entire continental shelf and slope. Canyons can trap part of the suspended particulate organic matter transported along the continental margin, and serve as conduits for organic particles and sediments from the shelf and upper slope to the deep sea (Van Weering et al. 2002) . Therefore, they represent areas of high sedimentary organic carbon (Corg) content and relatively high biochemical activity (Epping et al. 2002) . Furthermore, some submarine canyons are very unstable environments, since tidal currents, episodic slumps and turbidity flows periodically transport sediments and organic particles into the canyon system (Puig et al. 2004 ). Currents inside canyons can reach velocities of 2 m s -1 (Vetter & Dayton 1998) .
In the Nazaré canyon, sediments and fine particles are actively transported in nepheloid layers, and high sedimentation rates occur especially in its upper and middle regions (Van Weering et al. 2002) . In the canyon, detritus of terrigenous origin predominates over pelagic detritus, and there is a higher Corg content than in the open continental shelf and slope (Epping et al. 2002 , Van Weering et al. 2002 . Enhanced remineralisation rates have been shown as a result of enrichment with Corg (Epping et al. 2002) .
Meiofaunal communities are responsible for a significant amount of sediment remineralisation and support significant trophic pathways (Leguerrier et al. 2003) . According to Tietjen (1992) , on average, bacteria comprise 86%, macrofauna 7% and meiofauna 5% of living carbon in deep-sea sediments. Hence, despite comprising a relatively minor component of the living carbon compared to bacteria, macro-and meiofauna play an important role in the total carbon turnover of deep-sea environments. The meiofauna communities in the Nazaré canyon have rarely been studied: a few records of metazoan meiobenthos are available for the Western Iberian Margin (see Soltwedel 2000 , Flach et al. 2002 ), while Flach (2003 reported very high densities of meiofauna in the canyon at all depths.
Benthic animal communities from canyon systems can reflect the unstable and organically enriched conditions of these systems. Indeed, the fauna communities inhabiting submarine canyons have been found to differ in structure from those on adjacent abyssal plains, continental shelf, or slope. Faunal densities and biomasses in canyon systems have been found to be higher (e.g. Gage et al. 1995 , Vetter & Dayton 1998 , Duineveld et al. 2001 ) and faunal diversities lower (e.g. Gage et al. 1995 , Vetter & Dayton 1998 , Curdia et al. 2004 ) than in adjacent habitats. These differences in faunal structure have been attributed to the higher organic content of canyon systems (see Gage et al. 1995 , Duineveld et al. 2001 . However, there are indications that abundances can also be lower in canyons than in adjacent areas (see Maurer et al. 1994 ); this could be related to factors other than the high Corg content of these systems. In the Nazaré canyon, Flach (2003) reported lower numbers of macrofauna than on the Iberian continental slope. Polychaetes dominated the macrofauna in this canyon, and opportunistic polychaete communities occurred in regions with high organic matter content (Flach 2003 , Curdia et al. 2004 . Furthermore, macrofauna biomass in the canyon increases with increasing Corg fluxes (Flach 2003) .
The present study investigated changes in the composition of meiofaunal assemblages along a depth gradient in the Nazaré canyon and the adjacent open slope. Organic matter concentrations and lability were also studied to investigate whether the content and freshness of the sedimentary organic matter in the canyon were the main driving factors controlling the meiobenthic community.
MATERIALS AND METHODS
Study area. The Nazaré canyon is the largest canyon on the Western Iberian Margin, and intersects the entire continental shelf (Vanney & Mougenot 1981) . Inside the canyon there is a strong internal tide circulation of water, with velocities of up to 15 cm s -1 (Coelho et al. 2003) . Sediment transported over the shelf and upper slope by alongshore currents is temporarily deposited in the very narrow upper and middle part of the canyon, until it is further transported to the deep sea in nepheloid layers or flushed down canyon by turbidite currents (Van Weering et al. 2002 , Garcia et al. 2003 .
The hydrography of the shelf is dominated by a poleward current in winter and an equatorward current during summer (Vitorino et al. 2002 , Coelho et al. 2003 ). The poleward current favours downwelling, while the equatorward current is generally associated with coastal upwelling, which triggers high primary production along the Iberian Margin (Vitorino et al. 2002) .
The canyon is characterised by a well-stratified water column. North Atlantic Deep Water (NADW) with temperatures of 2 to 7°C and salinities of 34.8 to 35.6 ppm is present between depths of approximately 2000 and 3000 m water depths (Garcia et al. 2003) . Between approximately 600 and 1500 m, Mediterranean water is present, with temperatures of 8 to 13°C and salinities of 35.8 to 36.2 ppm. Temperatures of 14 to 18°C and salinities of 35.4 to 35.8 ppm characterise the upper water layer.
Sampling. Sediment cores for meiofauna and physicochemical analyses were collected in May 2004 during Cruise 64PE225 of the RV 'Pelagia'. For this study we analysed data from 8 stations located along a depth gradient in the Nazaré canyon axis (S41, S26, S34, S24 and S22) and adjacent open slope (S39, S27 and S25) (Fig. 1) . Sediment samples for physicochemical and faunal analyses were taken with the MUC 8+ 4 multiple corer developed by Octopus GmbH. This corer has an array of eight 6 cm diameter and four 10 cm diameter coring tubes, 61 cm in length. For each station, three 10 cm multicorer tubes were used for metazoan analysis, one 10 cm tube for sedimentological analysis, three 6 cm tubes for phytopigment analysis, and one 6 cm tube for foraminifer analysis. From a second deployment, four 6 cm tubes were used for analysis of total and organic C and N. Cores were stored at in situ temperature in a temperature-controlled room and processed within 3 h of collection.
The sediment samples for phytopigment, total and organic C and N analysis were stored at -20°C until analysis; 4 to 6 replicate sub-cores were taken from the core tubes for metazoan analysis using 60 ml syringes with cut-off anterior ends. These sediment samples were preserved in 4% buffered formaldehyde solution. The sediment samples from the core used for analysis of foraminifers were preserved in 96% ethanol solution with Rose Bengal. Only the upper 5 cm of the cores were used in this study.
Grain-size analysis. Sediment samples were freezedried, and then crumbled and mixed. Subsequently, 100 mg of sediment was dispersed in water, applying ultrasound for mechanical dispersal but without addition of chemical dispersatives. The dispersed sediment was then introduced into a Coulter LS 230 laser particle-sizer for determination of particle size spectra.
Geochemical analysis. Phytodetritus input to the seafloor was assessed by fluorometric measurement of sediment-bound chlorophyll a (chl a) and phaeopigment (phaeo) concentrations following the method of Yentsch & Menzel (1963) . Sediment samples were first freeze-dried and homogenised in a mortar. Pigments were subsequently extracted in 10 ml 90% acetone solution and measured in a Turner fluorometer following Shuman & Lorenzen (1975) . The bulk of pigments measured with this method were termed 'chloroplastic pigment equivalents', CPE (Thiel 1978) . Chl a versus phaeo concentrations were used to assess the fresh organic matter of photosynthetic origin that reached the seafloor.
Sediment total carbon, total nitrogen (TN) and Corg were measured using a ThermoFinnigan flash element analyser following the procedures described by Lohse et al. (2000) .
Meiofauna analysis. In the laboratory, sediment samples for metazoan investigations were washed through a 48 µm sieve and metazoans were extracted using Ludox (colloidal silica polymer) diluted in water to a specific gravity of 1.209 (Ólafsson & Elmgren 1997) . The metazoans were counted and identified to major taxa in a Petri dish under a stereomicroscope. All the nematodes were picked and put in a watch glass with a glycerine solution (5% glycerine, 5% pure ethanol and 90% distilled water). After 24 h at 50°C, the nematodes were mounted on micro-slides, using anhydrous glycerine as mounting medium, for identification to genus under a compound microscope. To estimate nematode biomasses, nematode length (excluding filiform tails) and width were measured by the semiautomatic images system (analySIS®2.1) at the Alfred Wegener Institute. Nematode volume and biomass (wet weights) were calculated using Andrassy's (1956) formulas. Nematode wet weights were then converted into carbon biomass assuming that 100% wet weight corresponds to 12.4% carbon weight (Jensen 1984) . Nematode feeding types (1A, 1B, 2A and 2B) were determined after the classification provided by Wieser (1953) .
Sediment samples for investigations of foraminifers were washed through 150 and 63 µm sieves. Only the 150 µm fraction was used for this study. Well-stained foraminifers were counted in a Petri dish under a stereomicroscope, and transferred to Chapman slides for identification. For the quantification of arborescent foraminifers (a type of branching agglutinant foraminifer), a standard minimum size of 1.5 ± 0.1 mm was adopted because these foraminifers can easily break apart when sorting. The estimate of total individuals thus included fragments of various sizes.
Data analysis. Shannon-Wiener diversity index H ' (Krebs 1989), evenness J ' (Pielou, 1969) and K-dominance curves (Lambshead et al. 1983) were calculated for the nematode assemblage at each site.
Univariate 2-way ANOVAs were used to investigate differences in faunal abundance, nematode biomass, diversity and evenness between the 2 locations (i.e. canyon vs. open slope) and between different water depths. A nested design was constructed with depth nested within location. A 1-sample KolmogorovSmirnov test was used to check the normality of the taxa counts, nematode biomass data and ecological indices. The data was not normally distributed, and was therefore log 2 (x + 1)-transformed prior to ANOVA analysis. To test for possible relationships between the various meiofaunal and geochemical parameters and for possible differences between the Nazaré canyon and the adjacent open slope, 2 non-parametric correlation analyses were performed; one with canyon data the other with open-slope data. The Kendall's tau statistic from the statistical package SPSS 12.0 was used, as this is extremely conservative, with a low number of measurements.
RESULTS

Sediment granulometry
Sediments in the canyon were predominantly muddy (silt and clay), except at Stns S26 and S34 (Table 1) , where silt and clay comprised only about 50% of the sediment, with the other 50% consisting of sand, and the finer material occurring in the top centimetres. On the open slope, sediments became muddier with increasing water depth. In the shallow open-slope station (S39), about 35% of the sediment particles were silt and clay, whereas in the deepest open-slope (S25) station about 98% of the sediment particles were silt and clay.
Geochemical characteristics of sediments
The canyon sediments were organically enriched compared to the adjacent open slope (Table 1) , containing higher CPE, a measure of phytodetritus con- Table 1 . Sediment granulometry (clay = < 2 µm, silt = > 2 to < 63 µm, sand = > 63 µm), concentrations of chloroplastic pigments equivalents (CPE), total nitrogen (TN), organic carbon (Corg), chlorophyll a: phaeopigment ratio (chl a:phaeo), and carbon to nitrogen molar ratio tent. The upper part of the canyon (Stns S41 and S26) had the highest CPE values, which decreased with increasing water depth. Furthermore, the quality of the phytodetritus was highest in the upper part of the canyon (Stns S41 and S26) (chl a:phaeo = 0.09 to 0.18), and TN and Corg contents were also higher in the canyon, especially in the upper and middle parts (Stns S41, S26 and S34). The canyon detritus had a higher proportion of terrigenous organic matter (C:N = 9 to 12.5) than open-slope detritus.
On the open slope, CPE values were low, decreasing with increasing water depth. The quality of the phytodetritus was low and similar to the quality at the middle and deeper parts of the canyon. TN and Corg contents were lower than in the canyon, and the detritus had a higher proportion of organic material of pelagic origin (C:N = 7 to 8.9).
Meiofauna
We identified a total of 12 major taxa within the 2 study areas. Nematodes were the most abundant group within the canyon and the adjacent open slope, comprising between 40 and 90% of total metazoan abundance ( Fig. 2 ). Copepods were the second most abundant group in both study areas, comprising between 10 and 40% of total metazoan abundance, followed by polychaetes. Bivalves were more abundant in the canyon stations, but in low percentages, except at Stn S34. Amphipoda, Cumacea, Decapoda, Ostracoda, other Crustacea, Kinorincha and Halcaroidea occurred occasionally and in very low numbers, being insignificant in terms of abundance. On average, these taxa together represented about 1 to 2% of the total meiofauna. These taxa will not be analysed below in more detail.
Foraminiferal abundance is not expressed as a percentage of total meiofauna because foraminifers were only investigated in the >150 µm fraction, the > 48 µm fraction being used to examine metazoans abundance. 
Foraminifera
Low to insignificant numbers of foraminifers were recorded in the upper and middle canyon (Fig. 3a) . The highest total standing stocks were found in the deep canyon station, S24. Below this station the system widens into a fan, and foraminifer abundances here were similar to those on the nearby slope. In contrast, high total standing stocks of foraminifers were recorded along the open slope, displaying a clear decreasing trend with increasing water depth.
Elevated numbers of arborescent foraminifers (branching agglutinant) were observed in the open-slope sediments, most being recorded at Stn S27 (Fig. 3b) . In the canyon arborescent foraminifers were almost completely absent, with the exception of Stn S22 at the lower end of the canyon. In general, the canyon stations were dominated by agglutinated foraminifers (Fig. 3c) , representing between the 60 and 80% of all individuals; the only exception being Stn S34, where > 80% of the assemblage comprised calcareous foraminifera. At the head of the canyon (Stn S41), calcareous and agglutinated foraminifers were present in similar numbers. At the open-slope stations, arborescent, calcareous and agglutinated foraminifers were well represented. Agglutinated foraminifers dominated at the shallow openslope station accounting for 70% of total foraminifers abundance. At 1000 m (Stn S27), calcareous and arborescent foraminifers were numerically dominant (80% of all individuals). The deepest site was numerically dominated by arborescent foraminifers (> 60% of all individuals).
Metazoans
On the open slope, the abundance of most taxonomical groups and also nematode biomass decreased with increasing water depth (Fig. 4a,b ,c, e,f). In contrast, in the canyon no clear decrease was observed. Stn S26 at 1121 m contained the highest abundance of most taxonomical groups and also the highest nematode biomass (Fig. 4a,b,d,e,f) . The only depth-related pattern in the canyon was that the highest abundance of taxa and highest nematode biomass occurred in the upper part of the canyon (Stns S41 and S26).
Statistically, there were significant inter-station differences in the abundances of metazoans and nematode biomass as a function of depth at each location (canyon and open slope) (all p ≤ 0.001, Table 2 ). There were also significant differences in the mean abundance of nematodes and bivalves between the canyon and the slope (p ≤ 0.004 and p ≤ 0.001 respectively, Table 2 ). Mean abundance of nematodes was lower in the canyon than on the slope (53.5 ± 21.1 ind. 10 cm -2 and 73.1 ± 16.4 ind. 10 cm -2 , respectively, mean ± SE), and mean abundance of bivalves was higher in the canyon (4.6 ± 2.6 ind. 10 cm -2 and 0.2 ± 0.2 ind. 10 cm -2 , respectively).
Nematode assemblage A total of 85 genera of nematodes was recorded (Table 3) . For the canyon a total of 55 genera was recorded, of which only 3 (Metalinhomoeus, Sabatieria and Sphaerolaimus) were present at all canyon stations and 16 genera were exclusively present in the canyon. The open slope had a total of 68 genera, of which 11 (Acantholaimus, Camacolaimus, Cervonema, Halaimus, Marylinia, Metalinhomoeus, Neochromadora, Paralongicyatholaimus, Sabatieria, Sphaerolaimus and Terschellingia) were present at all open-slope stations and 31 genera were exclusively present in the open slope (Table 3) . Metalinhomoeus and Sabatieria were the most abundant genera for both canyon and open slope, being highest in the canyon.
The mean diversity (H ') and evenness (J ') indexes for the nematode assemblage were significantly higher on the open slope than in the canyon. Diversity on the slope was 2.3 ± 0.1 and 1.3 ± 0.2 in the canyon (p ≤ 0.001, Table 2 ). Evenness was 0.9 ± 0.01 on the slope and 0.7 ± 0.1 in the canyon (p ≤ 0.023, Table 2 ). Diversity decreased with increasing water depth on the open slope (Fig. 5a ). In the canyon, it only did so in the upper and middle parts. Evenness did not change along the depth gradient on the slope (Fig. 5b) , and in the canyon, Stns S26 and S34 had lower evenness values than the remaining canyon stations. Inter-station differences in diversity with depth at each location (canyon and open slope) were statistically significant (p ≤ 0.001, Table 2 ).
K-dominance curves of nematode abundance (Fig. 6 ) revealed 2 groups of curves in the canyon and 1 in the open slope. The curves for Stns S26, S34 and S41 indicated higher nematode dominance within these assemblages than at Stns S24 and S22 (Fig. 6a) . In addition, the curves for Stns S24 and S22 were similar to those for the 3 open-slope stations (Fig. 6b) , indicating that all these stations had similar nematode dominance.
The trophic structure of the nematode assemblages differed between canyon and open slope. On the open slope, the four different feeding types of Wieser (1953) were well represented in terms of abundance (Fig. 7a) and biomass (Fig. 7b) , and no differences in the trophic structure were observed along the depth gradient. In contrast, in the canyon, non-selective deposit-feeding 213 nematodes (Feeding Type 1B) dominated in terms of abundance ( Fig. 7a) and biomass (Fig. 7b) . The assemblages of the upper and middle part of the canyon differed from that in the deeper part: Non-selective deposit feeders (Type 1B) were dominant in the upper and middle canyon areas, whereas selective deposit feeders (Type 1A) were unimportant; however, the latter feeding type was more important in the deeper part of the canyon, where it was present in proportions similar to those on the open slope.
Relationships between benthic meiofauna and geochemical parameters
The correlation analysis revealed different levels of interactions for the canyon system and adjacent open slope (Table 4 ). In the canyon there were 21 correlations, with an average Kendall's tau correlation coefficient of 0.5. The abundance of total metazoans, copepods, polychaetes, bivalves, nematodes and also nematode biomass were positively correlated (p ≤ 0.01) with the lability of the phytodetritus (chl a:phaeo). Diversity and evenness were negatively correlated with Corg (p ≤ 0.01) and phytodetritus (CPE) content (p ≤ 0.05 and 0.01 respectively). The nematode trophic group 1B was positively correlated with chl a:phaeo (p ≤ 0.01) and CPE (p ≤ 0.01). On the open slope, there were 13 correlations with an average Kendall's tau correlation coefficient of 0.6. The abundance of total metazoans, copepods, polychaetes, nematodes and the nematodes biomass was positively correlated with CPE (p ≤ 0.01, nematode biomass p ≤ 0.05). Diversity was also positively correlated with CPE (p ≤ 0.05), as were the nematode trophic groups 1B, 2A (p ≤ 0.01) and 2B (p ≤ 0.05).
DISCUSSION
Meiofauna and organic matter levels
The meiofauna abundance recorded in the Nazaré canyon and adjacent open slope ranged between 9.9 and 236.5 ind. 10 cm -2
. These values are low compared to those in temperate regions of the east Atlantic and off the Iberian Peninsula (see Soltwedel 2000) , but within the range observed during springtime in the Western Iberian Margin. Most present-day studies on meiofauna use a mesh size ≤32 µm. We used a 48 µm mesh size, which could have underestimated actual meiofauna densities. Using a comparable mesh size (50 µm), Rachor (1975) found meiofauna abundances at 38°N (~1°S from the Nazaré study area) ranging between 18 and 294 ind. 10 cm -2 during springtime at depths of 1469 to 5112 m. In wintertime, also at 38°N, and using a 40 µm mesh size, Thiel (1975) , at depths of 200 to 5000 m, but they used a smaller 32 µm mesh size. In terms of biomass, the values recorded for the Nazaré canyon and adjacent open slope are about 3 to 4 times lower than those reported for the NW Iberian margin during summer (Flach et al. 2002) .
The average Corg content of the top 5 cm of sediment in the Nazaré canyon ranged between 1.52 and 1.86%, while on the adjacent open slope Corg contents ranged between 0.3 and 1.02%. These values are similar to those found in the past for the Nazaré canyon and slope in the NW Iberian margin (Epping et al. (Soltwedel 1997 . In contrast, the values we found in the Nazaré canyon sediments are several others of magnitudes higher than those found in other continental margins.
The lability of the phytodetritus in the canyon and adjacent slope sediments is refractory compared to that of other continental margins at similar depths. Soltwedel et al. (2000) found chl a: phaeo ratios of 0.4 to 0.7 at 500 m, of 0.07 to 0.21 at ~1000 m, of 0.03 to 0.12 at 3000 m and of 0.05 at ~4000 m depths on the Yermak Plateau. In the canyon and adjacent slope sediments chl a:phaeo ratios ranged between 0.02 and 0.18.
Distribution of meiofauna abundance and biomass
For continental margins, the abundance and biomass of benthic communities have been reported to decrease with increasing water depth (Tietjen 1992 , Soltwedel 2000 , Flach et al. 2002 . This decrease has been related to decreased food availability (Gage & Tyler 1991) . In the canyon and adjacent open-slope sediments, phytodetritus decreased with increasing water depth, and Corg content tended to be lower at greater depths (Table 1) . However, a parallel decrease in meiofauna abundance and biomass only occurred on the open slope (Fig. 4) . This is supported by the stronger positive correlation between the metazoan taxa and CPE contents on the open slope than in the canyon (Table 4) .
For submarine canyons, higher abundances of fauna and higher biomasses have been reported and related to the higher organic content of these environments (Gage et al. 1995 , Vetter & Dayton 1998 , Duineveld et al. 2001 . Moreover, the quality of organic matter also plays an important role in controlling benthic communities. In areas with high quantities of labile organic matter, faunal density and biomass have been found to be higher than in areas where similar quantities of refractory organic matter were observed (Dauwe & Middelburg 1998) .
Higher organic contents (Corg, TN and CPE) were found throughout the canyon than on the adjacent slope, especially in the upper/middle parts (Table 1) . Despite the fact that the bulk of the organic matter in the canyon was very refractory (C:N ≈ 9 to 12), the amount and quality of organic matter available for 217 Table 4 . Results of non-parametric Kendall's tau correlations analyses for metazoans, copepods, polychaetes, bivalves, nematodes, nematode biomass (Nem Biom), diversity (H ' ), evenness (J ' ), selective deposit feeder (1A), non-selective deposit feeder (1B), epigrowth feeder ( direct consumption was higher in the upper part of the canyon (higher CPE contents and chl a:phaeo ratios) (Table 1 ). This suggests that the upper and middle canyon areas would constitute better feeding grounds for the benthos, and higher densities and biomass would be expected there. However, higher meiofaunal abundance and nematode biomass were not always observed in the canyon. Although meiofaunal densities in the deeper parts of the canyon seemed to parallel environmental organic levels, in the upper and middle areas this was not the case. Stns S41, S26 and S34 were always depleted in foraminifers compared to the open slope (Fig. 3) . Metazoans in general, and polychaetes and nematodes specifically (Fig. 4) (2007) measured high near-bed tidal currents, average horizontal particle flux and deposition flux in the upper and middle parts of Nazaré canyon. The high currents may cause frequent resuspension and transport of surface sediments, leading to unstable sediment substrate, and high sedimentation rates may lead to fauna being buried by sediment. Such an environment is difficult to colonise because the meiofauna is either swept away by high currents or buried by unstable sediments and episodic depositional events, as confirmed by the lack of fragile arborescent foraminifers in the upper and middle canyon. Gage et al. (1995) also reported the absence of fragile surface-feeding macrofauna in the Setúbal canyon, where indications of vigorous bottom currents were found. In the Nazaré canyon, low numbers of calcareous and agglutinated foraminifers were found in the upper and middle parts. Previously, low abundances of foraminifers were recorded in the Wilmington canyon off the coast of New Jersey, and their absence was related to periodic mass wasting and high current activity in the study area (Jorissen et al. 1994) . Further, the nematodes Sabatieria sp. and Metalinhomoeus sp., which have been shown to persist and thrive in very disturbed environments resulting from dredging and trawling activities (Schratzberger & Jennings 2002) were very dominant in the upper and middle parts of the Nazaré canyon. These observations seem to indicate that meiofauna abundance and biomass in the upper and middle canyon is strongly controlled by physical factors.
Nematode community structure
In the upper and middle parts of the Nazaré canyon, higher phytopigments and Corg concentrations were recorded, and the phytodetritus was less refractory. Here, low nematode diversity and evenness, and high K-dominance curves were found, and non-selective deposit-feeding nematodes were especially important. In agreement, the correlation analyses showed negative correlations of diversity and evenness with Corg and CPE, and a positive correlation of non-selective deposit-feeders with CPE and chl a:phaeo (Table 4 ). In the deeper canyon area and adjacent open slope, lower contents of phytopigments and Corg were recorded, and the phytodetritus was more refractory. Higher diversity and evenness, and lower K-dominance curves were found here. The trophic structure of the nematode assemblages was more diverse. The correlation analysis supported this, showing a positive correlation of diversity with CPE, and a higher number of trophic groups correlated to CPE (Table 4) . Thus, diversity patterns of the nematode community and trophic structure both indicate that the differences in metabolisable organic matter between upper canyon regions and adjacent open slope, and deeper canyon regions play an important role in controlling the composition of the meiobenthos inhabiting these regions.
Two nematode genera, Sabatieria sp. and Metalinhomoeus sp., accounted for ~70% of the abundance in the upper canyon (Fig. 6a ). Both these genera are nonselective deposit-feeders. Sabatieria sp. is well adapted to living in fine-sediment environments, with high Corg loads, low oxygen concentrations, and high sulphide concentrations (Jensen et al. 1992 , Soetaert & Heip 1995 . Suboxic sediments also characterise the upper part of the Nazaré canyon (Epping et al. 2002) . Metalinhomoeus sp. has also been found to be very abundant in silty and very fine sand environments with high Corg content (Buchholz & Lampadariou 2002) . Further, these genera are also found in highly physically-disturbed sedimentary conditions resulting from dredging and trawling. Thus, in the more disturbed and organically enriched conditions of the upper canyon, Sabatieria sp. and Metalinhomoeus sp. may constitute opportunistic colonisers. Flach (2003) also found that the macrobenthic community in the Nazaré canyon was dominated by 2 small opportunistic polychaetes.
CONCLUSIONS
The Nazaré canyon contains higher amounts of organic matter than the adjacent open slope. In its upper and middle parts, the phytodetritus is fresher, and thus of higher nutritional value for the meiobenthos. However, contrary to expectations, the meiobenthos in this part of the canyon seem unable to fully exploit the high amounts of food resources the canyon provides. In comparison, the meiobenthos on the open slope is more abundant, although with less abundant food resources. The low abundance of fauna in the canyon may be due to the local high-velocity bottom currents and unstable sedimentary conditions hindering the settlement of meiobenthic communities. The upper canyon was dominated by 2 very opportunistic nematode genera (Sabatieria sp. and Metalinhomoeus sp.) that are able to withstand great sedimentary disturbance, high organic loads and suboxic conditions. The nematode community structure was related to organic concentrations. In the organically enriched upper canyon, lower diversities of the nematode assemblages and of the trophic structure were observed. Finally, the stations sampled in the canyon were situated in the thalweg, where physical disturbance by sediment transport and deposition is likely to be highest. A comparison with potentially less disturbed sites on terraces adjacent to the thalweg has yet to be made.
